We compute prompt photon production in double-Pomeron exchange events in pp collisions at 13 TeV using the resolved-Pomeron-model assumptions. We make use of the proton diffractive pdf imposing specific kinematical constraints from the LHC experiments. For the hard-scattering matrix element computation, we make use of the JetPhox program. We show that NLO contributions must be taken into account in order to constraint quarks and gluons inside Pomeron.
Introduction
A large effort has been devoted to understand the QCD dynamics of hard diffractive events in hadronic collisions, since such processes were first observed at HERA [1, 2] and at Tevatron [3, 4] more than 20 years ago.
In deep inelastic scattering (DIS), the HERA Collaboration [5] [6] [7] measured the proton structure function F 2 (x, Q 2 ) with good accuracy, however they had found that about 10% of the DIS events are diffractive, which provides a diffractive structure function F D 2 (β, Q 2 , ξ, t) for the proton, where ξ is the momentum fraction of the proton carried by the Pomeron and β = x/ξ is the momentum fraction of the Pomeron carried by the parton emerging from it.
To obtain the proton structure function in DIS, it is well-know that collinear factorization is valid which permits to separate the parton distribution functions (pdf) of the proton and the short-range cross section calculated order-by-order in perturbative QCD. It has been proven in [8] that this factorization still holds in DDIS. In order to describe the Pomeron structure function in terms of partons, it is necessary to assume Regge factorization by defining a Pomeron flux and convolute it with the Pomeron's pdfs f i/P (β, Q 2 )
Together, these two types of factorization are ingredients of the resolved Pomeron model (RPM) [9] and have been used at HERA [10] to extract the Pomeron's pdfs. In spite of successful application of the assumptions above in DDIS, there is an evidence [11] that in hard diffractive hadronic collisions, collinear factorization does not apply. This is possibly explained by the existence of secondary soft interactions that could fill up the rapidity gaps. Nevertheless, this soft interaction should occur on time scales much longer than the hard interactions. In this sense, it is reasonable to keep factorization and absorb the effect of secondary particles in an overall factor called survival probability factor S DPE . With an extension of RPM assumptions to hadron-hadron collisions, the diffractive differential cross section is
where dσ is the short-distance partonic cross section computed order-byorder in the perturbation theory (provided the transverse momentum of the photon is sufficiently large). The proton's dpdfs, f D i/p , are non-perturbative objects, however their evolution with the factorization scale µ is obtained perturbatively using the DGLAP [12] evolution equations.
One way to constrain quarks and gluons inside the Pomeron is to measure prompt photons in diffractive proton-proton (p + p) collisions, as was suggested in [13] . However, this study relied on leading-order matrix-elements, since the Forward Physics Monte Carlo generator [14] was used. Subsequent works also relied on LO matrix elements [15] . In this proceeding, we want to investigate the effects of higher-order corrections and their impact for a center-of-mass energy of 13 TeV at the LHC, and we shall use instead the JetPhox Monte Carlo [16] to compute the matrix elements at leading order (LO) and at next-to-leading order (NLO).
On the theoretical side, prompt photons refer to high-p t photons created in a hard process, either directly (direct photons) or through the fragmentation of a hard parton (fragmentation photons) [17] . On the experimental side, inclusive and isolated photons denote prompt photons measured without or with an isolation cut, respectively. These are two observables that we shall estimate for double-Pomeron-exchange (DPE) events, meaning diffractive p + p collisions from which both protons escape intact, taking into account the kinematical constraints of the forward proton detectors of the CMS-TOTEM collaborations, or those to be installed by the ATLAS Collaboration in the future [18] .
Effective diffractive pdfs with experimental constraints
In the following, we assume the intact protons in DPE events to be tagged in the forward proton detectors of the CMS-TOTEM collaborations, or those to be installed by the ATLAS Collaboration in the future [18] , called AFP detectors. The idea is to measure scattered protons at very small angles at the interaction point and to use the LHC magnets as a spectrometer to detect and measure them. We use the following acceptances [19] :
We denote the diffractive quark and gluon distributions integrated over t and ξ by q D (x, µ 2 ) and g D (x, µ 2 ) respectively. These effective pdfs are obtained from the Pomeron pdfs q P (β, µ 2 ) and g P (β, µ 2 ), and from the Pomeron flux f P/p (ξ, t). The latter is integrated over the t variable
The parameters of Eq. (3) are the slope of the Pomeron flux B P = 5.5 −2.0 +0.7 GeV −2 , and Pomeron Regge trajectory α P (t) = α P (0) + α P t with α P (0) = 1.111 ± 0.007 and α P = 0.06
−0.06 GeV −2 . The boundaries of the t integration are t max = −m 2 p ξ 2 /(1 − ξ) (m p denotes the proton mass) and t min = −1 GeV 2 . The normalization factor A P chosen such that ξ × tmax t min dt f P/p (ξ, t) = 1 at ξ = 0.003. The constrained dpdf are obtained by the convolution of the integrated Pomeron flux Eq. (3) with the Pomeron pdf in addition to the phase space restrictions over ξ
For the Pomeron pdfs, we make use of the HERA fit B in [10] . These distributions are built in a way to be easily incorporated into the LHAPDF library [20] in the grid format.
Computing double-Pomeron-exchange prompt photon production using JetPhox
JetPhox is a Monte Carlo generator built to compute hadronic cross sections for the process pp → γX using the collinear factorization framework. Cross sections are calculated as a convolution of short-range matrix elements, computed at LO and NLO, and long-range (non-perturbative) parton distribution and fragmentation functions. Therefore, within the resolved Pomeron model (2) , this program can also be used to compute the cross sections pp → ppγX in DPE events. In order to do this, we must substitute the regular pdfs by our effective diffractive pdfs
and multiply the resulting cross sections by the gap survival probability S DPE . JetPhox produces both inclusive and isolated photons with momentum p t and rapidity y. In the case of inclusive cross section, it sums the direct and the fragmentation contribution in the following way: dσ dp 2 t dy = dσ γ dp 2 t dy + a dz dσ a dp 2 ta dy a
where dσ a is the hard cross section for producing a parton a = (q,q, g) which will then radiate a high-p t photon during its fragmentation into a hadron. D γ a is the fragmentation function, the z variable is z ≡ p γ /p a , and we have chosen the fragmentation scale to be µ. In the case of isolated photons, an additional criteria is imposed on the hadronic activity surrounding the high-p t photon as is discussed later.
In the following, we use JetPhox to compute the direct and the fragmentation contributions in (6), replacing, as explained previously, the regular pdfs by the diffractive pdfs extracted above. Technically, this program calls the pdfs from the LHAPDF library [20] ; we replaced one of those parton distribution sets in grid format by our diffractive pdfs constrained with the kinematical cuts. Our choice of factorization scale is µ = p t .
Numerical results
In this section, we detail the future measurements to be performed at the LHC, in order to test the resolved Pomeron model and to constrain the quark and gluon content of the Pomeron, using photon production in DPE processes. We use the Monte Carlo program JetPhox (version 1.3.1) to simulate the results, with 2 × 10 8 events per channel.
DPE inclusive photons
In the inclusive mode, there are significant contributions from both direct and fragmentation photons; let us first focus on the direct photons. At LO (α em α s ), both annihilation processes→ gγ, and Compton processes q(q)g → q(q)γ, contribute. Going to NLO (α em α 2 s ) opens in addition gg-initiated partonic sub-processes, but they contribute only to 1% of the events. In Fig. 1 , we analyse the relative contributions between these two channels using ATLAS-AFP acceptance (very similar results are obtained in the TOTEM-CMS case). We observe a large dominance of the Compton scattering over annihilation one. This fact is explained by the dominance of the dpdf of the gluon with respect to the quarks ones at low x. Fig. 1 . These figures show, for DPE direct photon production, the relative contributions of the Compton and annihilation processes as a function of photon p t . Left: at LO, the Compton process represents about 90% of the differential cross section; the contribution of the annihilation process is slightly increasing with increasing p t . Right: at NLO, the Compton process dominates around 95% of the differential cross section for all the p t range analysed.
We display in Fig. 2 (left) the inclusive photon rapidity distribution (for p t > 20 GeV) summing all the channels and comparing the results at LO and NLO. We show predictions for both ATLAS-AFP and TOTEM-CMS detectors at 13 TeV, and we note that the difference in magnitude between the LO and NLO calculation is about 20%. In Fig. 2 (right) , we show the rapidity distribution over the same conditions as before for the isolated mode as we will explain in the next subsection. Obviously, NLO corrections are not negligible, they must be taken into account in order to extract correctly the Pomeron structure from future data.
Finally, to compare these cross sections with the future data from the experiments, we note that the factor S DPE may have to be readjusted. We have assumed S DPE 0.1, but the actual value is rather uncertain and must first be measured. 
DPE isolated photons
In order to suppress the contribution from fragmentation processes, one can use an isolation criteria. We require that the hadrons measured within a cone of radius R = 0.4 around the photons have a maximum transverse energy of 4 GeV. This is one of the options available in JetPhox [16] , we checked that our conclusions are independent of this particular choice.
In Fig. 2 (right), we display our predictions for the rapidity distribution of DPE isolated photons, for both experimental acceptances detectors at 13 TeV. We note that the NLO cross sections are about 50% greater than the LO ones, which is a much bigger difference than in the inclusive case.
The comparison between the inclusive and isolated photon production is also presented in Fig. 3 showing the relative contribution of the direct and the fragmentation processes at NLO. The relative contribution of fragmentation processes is decreasing with increasing p t , but it remains always large in the inclusive case: between 20 and 150 GeV, it goes from 50% to 25%. In the isolated case, however, it is clear that the fragmentation contribution is strongly suppressed by the isolation criteria, and as the transverse momentum of the photon increases, this contribution eventually becomes negligible. Fig. 3 . These figures show, for DPE prompt photon production at NLO, the relative contributions of the direct and fragmentation processes as a function of photon p t . Left: in the inclusive case, the direct and fragmentation contributions are equal at p t 20 GeV, and the relative contribution of direct processes increases with increasing p t . Right: in the isolated case, the direct processes dominate; at p t 20 GeV, they represent about 75% of the cross section, and that percentage increases with increasing p t .
Conclusion
Using JetPhox allows us to compute the DPE prompt photon production cross sections with, for the first time, next-to-leading order hard matrix elements. Our main result is that the NLO cross sections are larger than the LO ones, by about 20% in the inclusive case and 50% in the isolated case. NLO corrections are, therefore, crucial in such processes at the 13 TeV LHC. In addition, we observed that the isolation criteria is necessary in order to suppress the contribution of fragmentation photons, radiated by high-p t partons during their fragmentation, and to access in a clean way the direct processes of photon production.
Finally, we have analyzed different possible scenarios to be tested by the LHC experiments ATLAS-AFP and TOTEM-CMS, and we expect that future data on DPE prompt photon production will provide a quantitative way to test the validity of resolved Pomeron model, the factorization of diffractive pdfs into a Pomeron and a Pomeron pdfs, as well as to extract the gap survival probability and understand its behavior with increasing energy. We also hope that pp → ppγX measurements at 13 TeV will allow to constraint the quark and gluon structure of the Pomeron, as pp → γX measurements have helped constrain regular parton distribution functions [21, 22] .
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